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墨烯片层层“粘合”，构筑成 3D 石墨烯材料。DA 作为交联剂不但有效地使氧化
石墨烯自组装成 3D 结构，而且因其含有的氨基又可作为 N 源，通过用两步简单
的步骤，就可获得一种同时兼具超轻特点和氮掺杂特性的 3D 石墨烯气凝胶

































































Graphene, a monolayer of carbon atoms packed into a honeycomb lattice, has 
attracted tremendous interest in a variety of fields due to its extraordinary electron 
mobility, high surface area, good thermal conductivity and mechanical properties. 
However, the excellent properties of graphene are usually compromised by the 
restacking or aggregation of graphene sheets due to its strong π−π stacking and 
hydrophobic interactions. In order to overcome this obstacle, one possible approach is 
to integrate two dimensional (2D) individual graphene sheets into graphene 
assemblies with well-defined 3D architecture. The rationally designed 3D graphene 
assemblies can not only provide inherent excellent properties of 2D graphene sheets, 
but also exhibit micro/nano porous structure, huge specific surface areas, high 
electron conductivity, fast mass transport kinetics and strong mechanical strength. 
Until now, 3D graphene based materials have been well applied in wide range of areas 
such as environmental remediation, chemical and biological sensing, catalysis, super 
capacitors, and energy storage/conversion. 
    This dissertation launched a series of studies on the preparation of 3D 
graphene-based assemblies with attractive properties, and their reliable applications. 
There are five chapters in this dissertation, and the details of each chapter are listed as 
follows,  
    Chapter 1: In this chapter, the studies on 3D graphene have been 
comprehensively summarized, including synthetic methods, physicochemical 
properties, as well as their applications in different fields.  
    Chapter  2: Inspired by marine mussel, an ultralight, three dimensional (3D), 
and nitrogen doped graphene aerogel (NGA) is developed by virtue of dopamine 
(DA). DA undergoes self-polymerization that can not only functionalize the graphene 
surface and also embeds nitrogen atoms onto the graphene sheets upon pyrolysis. The 
morphology and textural properties were investigated by scanning and transmission 

















adjusting the initial amount of graphene oxide and DA, we can obtain a NGA with a 
density as low as 1.9 mg/cm3. The resultant NGA is macroscopic-assembled, 
mechanically stable, and fire-resistant. It is of very high adsorption capacity and 
efficient space utilization towards oil uptake, thereby prompting practical applications 
as a suction skimmer in marine oil spillage or chemical leakage recovery. The high 
conductivity and 3D interconnected porous structure of the NGA permit good 
performance as electrode material for electrochemical sensors. 
    Chapter  3: Surfaces with super-amphiphilicity have attracted tremendous 
interest for fundamental and applied research due to their special affinity to both oil 
and water. It is generally believed that 3D graphene materials are monoliths with 
strongly hydrophobic surfaces. In this chapter, we demonstrate the preparation of a 
novel 3D super-amphiphilic (i.e., highly hydrophilic and oleophilic) graphene-based 
assembly in a single-step using phytic acid acting as both a gelator and as a dopant. 
The product shows both hydrophilic and oleophilic intelligence and this overcomes 
the drawbacks of presently known hydrophobic 3D graphene assemblies. It can 
absorb water and oils alike. The utility of the new material has been demonstrated by 
designing a heterogeneous catalytic system via incorporation of a zeolite into its 
amphiphilic scaffold. The resulting bulk network is shown to enable efficient 
epoxidation of alkenes without prior addition of a co-solvent or stirring. This catalyst 
also can be recovered and re-used, thereby providing a clean catalytic process with 
simplified work-up. 
   Chapter  4: In this chapter, we introduce a simple strategy to fabricate a nitrogen 
and phosphorus dual-doped graphene foam (PNGF) with super-amphiphilicity. The 
successful dual doping is attributed to the assembly of graphene oxide and 
phosphorylethanolamine, a biomolecule containing both amino and phosphate 
functional groups. Owning to the 3D interconnected porous structure, the PNGF 
exhibits ultralight property with large specific surface area. The PNGF also shows 
zero contact angles for both oil and water, which confirms its excellent super-wetting 

















thereby prompting practical applications for environment remediation. Due to the 
synergistic effects between the doped N and P atoms and the high conductivity of the 
incorporated graphene, the PNGF also shows outstanding catalytic activity toward 
oxygen evolution reaction. 
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础单元 1（图 1.1）。 
 
 
图 1.1 石墨烯是构成其它几种碳的同素异形体的基本单元 1a。 





















可逾越的难关 2。有关于石墨烯的理论研究已有长达 60 余年的历史，其结构曾一
度被认为只存在于理论之中，无法单独稳定存在。早在 1934 年，Landau 和 Peierls
就提出 2D 原子晶体结构由于其本身的热力学不稳定的原因，在有限的温度下会
迅速塌缩。因此，长期以来科学家们普遍认为石墨烯只是理论上存在的一种 2D






烯材料的开创性实验”，他们获得 2010 年诺贝尔物理学奖。 
1.2 石墨烯的性质与制备方法 
    石墨烯的发现，之所以意义重大，是因为它创造了诸多“纪录”。虽然名字
里带有“石墨”二字，但它既不依赖石墨储量也完全不同于石墨的特性。石墨烯
呈现出许多令人惊讶的电学 3、光学 4、热学 5、力学和化学的特性 1a, 6。石墨烯









理 8、催化 9、传感器 10、能量转换与存储 11、复合材料 12 以及生物技术 13 等领
域都具有非常广泛的应用前景。 
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